Background Leisure-time physical activity (LPA) has been associated with a reduced risk of type 2 diabetes. However, the potential effect of other types of physical activity on type 2 diabetes is still uncertain. The aim of this study was to examine the effect of occupational, commuting, daily living, and LPA on the incidence of type 2 diabetes in a cohort of middle-aged women.
The prevalence of type 2 diabetes has been increasing rapidly worldwide. 1 As there is no available cure at the moment for type 2 diabetes, primary prevention is of great importance. 2 Identification of modifiable risk factors for the development of diabetes offers the potential for primary prevention of this important public health problem. 3 Physical inactivity has emerged in epidemiological studies as an independent risk factor for type 2 diabetes. Observational studies and intervention trials have shown a beneficial effect of regular exercise on both insulin resistance and glucose intolerance. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] A sedentary lifestyle (defined as hours of television watching and or having a sedentary occupation) was associated with a higher risk of type 2 diabetes in the Nurses' Health Study and the Health Professional Follow-up Study. 7, 19 In the past, most studies that have examined the influence of physical activity on type 2 diabetes incidence have focused on leisure-time physical activity (LPA), seldom on other types 1 Department of Medicine, Vanderbilt Epidemiology Center Vanderbilt-of activity such as occupational and household/daily-liferelated physical activity. Non-leisure time activity may play a role in disease risk particularly in countries, such as China, Denmark, The Netherlands, and Finland where activities related to commuting, daily living, or occupation comprise a considerable proportion of the total physical activity. 20 A recent report from a Finnish prospective study suggests that occupational, commuting, and LPA are independently and inversely associated with reduced risk of type 2 diabetes. 20 The British
Heart Regional Study has reported inverse associations between type 2 diabetes and physical activity scores reflecting LPA, occupational physical activity (OPA), and travelling to work physical activity combined. 14, 17 Data on associations between household/daily-life physical activity and the risk of diabetes are scarce. Furthermore most previous studies have been conducted in North American and European countries and limited data are available from China, the most populous country in the world. The incidence of type 2 diabetes has markedly increased over the past 2 decades in China, with the prevalence of type 2 diabetes increasing dramatically in urban areas such as Shanghai. 13, [21] [22] [23] The Shanghai Women's Health Study, (SWHS), a large population-based cohort study initiated in 1997, uses an instrument that was designed specifically to assess various types of physical activities of women in an environment with high prevalence of active lifestyle. Thus, the SHWS provides an exceptional opportunity to investigate associations between different types of physical activity (daily living, occupational, leisure-time, and commuting to work) in relation to risk of type 2 diabetes in middle-aged women. In this cohort,~53 % of the participants were employed at the time of the survey. This allowed for a comprehensive evaluation of LPA and household/ daily living activity separately on women who were employed and women who were not employed at the time of the baseline survey.
Research design and methods

Study population
The Shanghai Women's Health Study (SWHS) is a populationbased prospective cohort study conducted in Shanghai, China. All eligible women (n 5 81 170) who were aged 40-70 years and resided in seven typical urban communities between March 1997 and May 2000 were approached for the study and 75 221 women were enrolled yielding a participation rate of 92.7%. Participants completed a detailed baseline survey including an in-person interview for assessment of dietary intake, physical activity, and other lifestyle factors. Details of the SWHS survey have been reported elsewhere. 24, 25 In person follow-up for all living cohort members was first conducted from 2000 to 2002 with a response rate of 99.8% and a second follow-up was conducted from 2002 to 2004 with a response rate of 98.7%. Only 934 participants were lost to follow up.
Physical activity
Detailed assessment of physical activity was obtained using a validated questionnaire. 26 The validity of the questionnaire was evaluated by comparing Spearman correlations (r) for the physical activity questionnaire with two criterion measures administered over a period of 12 months (four 7-day physical activity logs and up to 28 7-day physical activity questionnaires). Significant correlations between the physical activity questionnaire and criterion measures for exercise were observed (physical activity log, r 5 0.74; 7-day physical activity questionnaire, r 5 0.80). Significant correlations between the physical activity questionnaire lifestyle activities and the 7-day questionnaire were also observed (r 5 0.30-0.88). The reproducibility of the questionnaire (2-year test-retest) was evaluated using kappa statistics and intraclass correlation coefficients (kappa 5 0.64 and the intraclass correlations coefficients were between 0.14 and 0.54).
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The questionnaire evaluated regular exercise and sports participation during the last 5 years. Participants were asked first if they had engaged in regular exercise/sports (at least once a week for the last 3 months) during the past 5 years. Exercisers were asked to report details for up to three types of exercises/sports (i.e. type, hours/week, and years of participation in each activity). Physical activity energy expenditure was estimated using standard metabolic equivalent values (MET). 27 Exercise/sports energy expenditure was estimated by the weighted average of energy expended in all activities reported over the last 5 years preceding the (MET-hours/day/year).
We also collected information on daily activities such as walking, stair climbing, cycling and household activities. We calculated the metabolic equivalents for each daily activity and the total METs for daily activity. Summary energy expenditure values (MET-hours/day) for these activities were estimated using the following MET values: housework, 2.0 METs; walking, 3.3 METs; stair climbing, 9.0 METs, and cycling 4.0 METs, using a compendium of physical activity values. 27 Details were also obtained on occupational activity of the most recent job among women who were employed at the time of the baseline survey (52.6% of the cohort). Participants were classified into high, medium, or low activity levels using job codes from the different occupations reported in their most recent job. We also collected information on the daily commuting journey to/from work. The daily commuting journey was broken into three categories: (i) using bus or vehicle; (ii) walking or cycling 1-29 min; (iii) walking or cycling more than 30 min. In addition, we calculated the METs-hours/day of total commuting activity.
Therefore the study included LPA, daily living physical activity (DPA) measurements for all participants, and among the subset of employed women, we have additional OPA and commuting physical activity (CPA) measurements.
Anthropometry
All anthropometric measurements, including weight, height, and circumferences of waist and hips, were taken at baseline recruitment according to standard protocol by trained interviewers who were retired medical professionals. 25 From these measurements, the following variables were created: BMI: weight in kilogram divided by the square of height in meters, WHR: waist circumference divided by hip circumference.
Dietary intake and other factors
Usual dietary intake was assessed through an in-person interview using a validated food frequency questionnaire. 24 The Chinese Food composition tables 28 were used to estimate intake of nutrients and the total energy intake (kcals/day). From the total number of participants that were free of diabetes at baseline (N 5 70 658), we excluded participants that had extreme values for total energy intake (,500 or .3500 kcals/day; N 5 118), 29 leaving 70 540 participants for the analysis. Socio-demographic factors such as age, level of education (none, elementary school, middle/high school, college), family income in yuan/year (,10 000, 10 000-19 999, 20 000-29 999, .30 000), occupation (professional, clerical, farmers/others, housewife/retired), having ever smoked (yes, no) and alcohol intake (ever drank beer, wine or spirits at least three times per week) and a history of hypertension (yes, no) were included in the analyses as potential confounders. We also adjusted for presence of chronic diseases at baseline: coronary heart disease (CHD), stroke, and cancer.
Endpoint ascertainment
At baseline we identified 70 658 participants who were free of diabetes. Incident diabetes was identified through follow-up surveys. A total of 1973 new cases of diabetes were reported. We considered a diabetes case to be confirmed if participants reported having been diagnosed with diabetes by a physician and met at least one of the following criteria: report a fasting glucose level of at least 7 mmol/l or an oral glucose tolerance test (OGTT) with a value of at least 11.1 mmol/l and/or use of hypoglycaemic medication (i.e. insulin or oral hypoglycaemic drugs). Of the self-reported cases, 1643 participants met the study criteria and are referred to in this report as confirmed cases of diabetes. We conducted analyses with all diabetic participants and among confirmed cases only and found similar results. Thus, we present here results with all cases of diabetes included (N 5 1973).
Statistical analysis
Person-years for each participant were calculated as the interval between the baseline recruitment to the diagnosis of type 2 diabetes, censored at death or completion of the second follow-up interview.
The Cox proportional hazards model was used to estimate the risk of type 2 diabetes by levels of physical activity. Test for linear trend were performed by entering the categorical variables as continuous parameters in the models. In all models we adjusted for potential confounding variables including age, income level, education level, occupation, smoking, and alcohol intake. We adjusted for pre-existing chronic disease (coronary heart disease, stroke, and cancer) and for hypertension to minimize the possibility that changes in physical activity following diagnosis of such conditions would obscure the true association between physical activity and incidence of diabetes. In addition, we repeated the analyses after exclusion of participants with chronic diseases. We present data before adjustment for BMI and WHR as we believe that these variables represent both risk factors and mediating factors on the development of type 2 diabetes. We report results after adjustment for WHR and BMI in the text.
Analyses of the association between LPA and DPA and diabetes are presented for all participants and stratified by employment status (yes/no). Interaction between employment status and LPA and DPA was tested by introducing the cross product term of two categorical variables in the model along with the main effect term. Analyses of CPA and OPA are restricted to employed participants. The combined effects of LPA and DPA were evaluated in all participants and stratified by employment status.
All analyses were performed using SAS (version 9.1) and all tests of statistical significance were based on two-sided probability.
Results
During 4.6 years of follow up and a total of 326 625 personyears at risk, we identified 1973 new cases of type 2 diabetes, corresponding to an incidence rate of 6.03 per 1000 personyears. Participants with type 2 diabetes tended to be older, have a higher BMI, WHR, daily energy intake, be less educated, more likely to have a non professional job, and have a history of CHD, hypertension, and stroke than non-diabetic women (Table 1) . Participants who engaged in leisure time physical activity were more likely to be older and to have a college education but less likely to be employed. Participation in leisure time activity was also associated with having coronary heart disease, cancer, stroke, and hypertension.
We found that diabetes risk was lower among women with high LPA although there was no evidence for a dose-response relationship over this narrow range of LPA ( Table 2 ). The relative risks by categories of LPA hours per week were 1.00, 0.89, 1.05, and 0.83. Analysis with additional adjustment for BMI and WHR attenuated the relationship.
Stair climbing was inversely associated with the risk of diabetes and this was true both before and after adjustment for BMI and WHR. Cycling was also associated with a reduced risk of type 2 diabetes (RR 5 0.81; 95%CI 0.66-1.00, P 5 0.045). Household activities and walking were unrelated to the risk of diabetes. When we examined the risk of diabetes by the quartiles of the distribution of METs from all daily activities combined we found an inverse association of marginal significance (P 5 0.06) before and after adjustment for BMI and WHR. When total METs (LPA combined with DPA) were examined, the reduced risk was only evident in the higher activity category (RR 5 0.91; 95%CI: 0.79-1.05). There was no evidence of a dose response association. When we repeated the analysis after exclusion of participants with chronic diseases at baseline, we found similar results. In this sub-analysis the association between diabetes and cycling was attenuated and the association between LPA, total METs, and walking and diabetes was accentuated. Table 3 shows the risk of type 2 diabetes by LPA and DPA among non-employed participants. The association between LPA and the risk of type 2 diabetes failed to reach statistical significance in this subgroup. We found an inverse association between daily living activities and the risk of type 2 diabetes with the exception of hours of weekly walking. Total METs from LPA and DPA were inversely associated with the risk of diabetes. The relative risk for total METS for this group were 1.00, 1.06, 1.01, and 0.88, (P for trend ,0.01). Further adjustment for BMI and WHR attenuated the associations but overall the associations remained significant or marginally significant. We repeated the analysis after exclusion of participants with chronic diseases at baseline and found similar results. The association between diabetes and cycling was attenuated, while the association between diabetes and walking was accentuated. Table 4 shows associations of LPA, DPA, OPA, and CPA with diabetes among employed participants. Overall we found that occupational activity and METs from DPA were not associated with diabetes risk in employed participants. We found that CPA was inversely related to risk of diabetes in this group (RR for METs categories of CPA were 1.00, 0.88, and 0.70, P for trend ,0.01). We also looked at associations between minutes spent in commuting and diabetes risk. In multivariate analyses, the hazard ratios of diabetes with none, 1-29 min/day, and more than 30 min/day walking or cycling to work were 1.00, 0.95, and 0.83 (P for trend 5 0.09), (data not shown in Table 4 ). In addition, stair climbing was inversely and significantly associated with diabetes risk in the employed participants (P for trend 0.01). Surprisingly we found that the more hours spent in household activity the higher the risk in currently employed participants, and the association remained significant (P for trend ,0.01) in fully adjusted analyses. We did cross tabulation between categories of household activities and other physical activity types. We found an inverse association between LPA and CPA and hours of household activity as well as a direct association between hours of household activity and OPA. We did not find that a combination of DPA METs and LPA METs or a combination of DPA METs, LPA METs, and CPA METs was associated with the incidence of type 2 diabetes in participants who were employed. Testing for multiplicative interaction of employment status with LPA and DPA showed a P-value of 0.13 (between employment status and LPA) and a P-value of 0.63 for interaction between work and DPA. We repeated the analysis after exclusion of participants with chronic diseases at baseline and results were unchanged.
We looked at the combined effects of LPA and DPA on the risk of type 2 diabetes among all participants and by employment status. Overall we found that participants with high levels of both LPA and DPA had lower risk of diabetes. Table 5 shows the combined effect of LPA and DPA in an analysis restricted to participants without chronic disease at baseline. Participants with the highest level of both LPA and DPA were at a lower risk of diabetes than those with low levels of LPA and DPA (RR 5 0.65, 95%CI: 0.49-0.85) in an analysis done including all participants (P for interaction 0.07).
In non-employed participants the relative risk for type 2 diabetes for those with high levels of LPA and DPA was 
Conclusions
While the association between LPA and type 2 diabetes has been investigated in a number of studies, 4, 6, 10, 11, 17, 18, 30 the influence of other types of physical activity on type 2 diabetes risk has not been systematically described. Lack of assessment of all types of activities could result in an underestimation of the magnitude of association between total physical activity and type 2 diabetes risk. This may be of particular concern in countries, such as China, Denmark, The Netherlands, and Finland where activities related to commuting, daily living, or occupation comprise a considerable proportion of total physical activity 20 or among women for whom housework and active transport are a particular source of energy expenditure. 31 We comprehensively evaluated the association of physical activities from exercise, daily living and occupational physical activities in a population-based cohort study. We found that DPA was associated with lower diabetes risk only in nonemployed participants, while LPA was associated with a reduced diabetes risk only in currently employed participants. Our results highlight the need to study middle-aged women stratified by employment status, because activity patterns may vary between employed and non-employed women. Data on associations between OPA and type 2 diabetes risk are scarce. 20 OPA was associated with a lower risk of type 2 diabetes in Pima Indians 32 and in a Finnish population. 20 We did not find that OPA was associated with the risk of type 2 diabetes. Physical activity has declined among urban residents of China, 33 and changes in activity patterns have been towards increasing sedentary occupations and lifestyles. 34 In our population only 3.11% of women reported jobs that require high activity, which may explain, at least in part, the null association found in our study. Walking and cycling (other than to/from work) was only modestly associated with the risk of diabetes in our study. Walking pace was inversely associated with the risk of type 2 diabetes in a large cohort of women in the USA. 35 Most walking in the US is a leisure type of activity while in China most walking is part of daily living. Thus our study may lack sufficient variability on walking to detect a possible association between walking and diabetes risk. Similarly, cycling (other than to/from work) was only modestly associated with a lower risk of type 2 diabetes. Stair climbing was inversely associated with a lower risk of type 2 diabetes and there was a doseresponse relationship. Household activity was associated with a lower risk of diabetes in non-employed participants and with a higher risk of in currently employed participants. Participants in the higher household activity category were less likely to participate in LPA or commute to work, most likely reflecting time constrains. We repeated the analysis adjusted for LPA and CPA and the association was attenuated and no longer significant. The relative risk of housework hours categories were 1.00, 1.26, 1.22, and 0.97 (P trend 5 0.86) and 1.00, 1.15, 1.00, and 0.82 (P trend 5 0.60) before and after exclusion of participants with chronic disease at baseline respectively. CPA was inversely associated in this population. The fully adjusted relative risk of diabetes with none, less than 30 and over 30 min were 1.00, 0.97, and 0.79, P for trend 5 0.02 (data not shown in table). Our results are similar to those found in another study from Finland (the hazard ratios for type 2 diabetes with none, 1-29 min/day and more than 30 min/day walking or cycling to work were 1.00, 0.96, and 0.64, respectively; P for trend 5 0.001). 20 These results are of great importance for this population in which active transportation for work is an important component of energy expenditure. A recent report stated that acquiring motor vehicles in China was accompanied by an increase in obesity. 36 Obesity and overweight has become a major public health concern in China. 37 The prevalence of overweight and obesity doubled in females and tripled in males from 1989 to 1997, with the rate of increase for overweight on an annualized basis being over 1% for men and women, 34 accelerated from 0.4% per year increase during the early 1980's. 38 Both, an increase in obesity and a more sedentary lifestyle would be followed by an increase in type 2 diabetes. Therefore it will be important to encourage people to continue to walk or cycle to work, regardless of whether they have a motor vehicle or no. A protective effect of physical activity is biologically plausible. 39 Skeletal muscle is the predominant site for insulin resistance 40 and exercise training has been shown to improve insulin sensitivity in these tissues. 39 Exercise training improves insulin sensitivity via increased oxidative enzymes, glucose transporters (GLUT4), and capillarity in muscle, as well as by reducing abdominal fat. 41 Studies evaluating the effect of physical activity on insulin sensitivity in general have reported a favourable effect of physical activity. 12, 15, 42 This study has several strengths, including the high quality of the data collected and the large sample size available for analysis that has allowed us to precisely assess risk with adjustment for cofounders for many demographic and socioeconomic factors as well as to evaluate potentially important interactions. In addition, this cohort has very high follow up rate. The physical activity assessment instrument was specifically designed to a assess wide range of activities and was validated in the study population. 26 Reliance on self-reported diabetes is the major limitation of the study. Misclassification of diabetes could weaken the association between physical activity and the risk of type 2 diabetes. To address the possibility of surveillance bias we conducted analyses restricted to women with at least one recorded symptom of diabetes and found similar results (data not shown). Measurement error in the physical activity questionnaire may introduce biases in the study. Our validation study with the Shanghai Women's Health Study suggests that the questionnaire that we used in the study has good reliability and validity, although the validity coefficients for household and daily living activities were lower than that for commuting and exercise/leisure-time activities. 26 Measurement errors in physical activity that are not systematically related to our outcome would be expected to have attenuated the relative risks of diabetes in this study. In conclusion our study has provided evidence that not only LPA but also other types of activity such as DPA and CPA are associated with a reduction of type 2 diabetes risk. The principle implications of our findings are in highlighting the importance of physical activity for the prevention of type 2 diabetes in China and possibly in other developing countries. In the past 2 decades, China has experienced a rapid and substantial decline of physical activity levels as a result of economic development, enhanced food supply, expansion of television, computerization, and mechanization, more prevalent car ownership, and increased public transportation. 36 In parallel with decreasing levels of physical activity, the prevalence of overweight and obesity has increased significantly in China. 43 As a consequence, diabetes mellitus has become a major public health issue in China. The prevalence of type 2 diabetes increased from 1.9 to 5.6% between 1993 and 2003 in China. 44 The observed temporal trends for physical inactivity and adiposity are expected to further increase the incidence rates of diabetes in China in the years to come. 44 Thus, promoting an active lifestyle or regular exercise should receive the highest public health priority.
